The risk levels of chronic diseases are increasing among Asian migrants in Western countries compared to their origin-country counterparts. This study evaluates the impact of an 8-week nutrition and lifestyle intervention on cardio-metabolic risk factors in Korean migrants living in Melbourne, Australia. Thirty participants aged 32-62 years completed the program. Self-reported food intake and physical activity, anthropometric and blood pressure measurements, and biomarkers of cardio-metabolic risk were assessed. An initial training session and four consequent nutrition advice sessions were provided for all participants. There was a significant reduction in the waist and hip circumferences. Positive changes were also observed in plasma lipid profiles, calcium intake and frequency of physical activities. These findings demonstrate that a culturally appropriate nutrition and lifestyle intervention can be successfully delivered to reduce the cardio-metabolic risk factors and improve the health and wellbeing of Korean adult migrants.
Introduction
Cardiovascular disease (CVD) is a leading cause of death, accounting for about 30% of all global deaths [1] . Risk factors associated with CVD include central obesity, elevated plasma cholesterol and glucose levels, hypertension and a sedentary lifestyle [2, 3] . These risk factors are potentially modifiable with lifestyle changes to dietary intake and physical activity level.
It has been well documented that an unhealthy lifestyle such as an unbalanced diet and sedentary life is linked with higher mortality rates in Western countries [4] . High dietary fat intakes consisted of 60% energy have been associated with a positive energy balance and results in an accumulation of fatty acids in adipose tissue, skeletal muscle and visceral organs such as heart and liver [5] . An increased consumption of processed foods and fast-foods, high in energy, fat and simple sugar, is strongly related to the current epidemic of obesity and diabetes [6] . Individuals who visited fast-food restaurants more than twice a week gained nearly 5 kg in body weight over 15 years and also had two-fold greater increase in insulin resistance compared with individuals who visited such restaurants less than once a week [6] . An "unbalanced" diet is related to an incidence of adverse health outcomes such as dyslipidemia, high blood glucose level, and CVD. A high carbohydrate diet (≥ 72% of total energy) was reported to be associated with higher body mass index (BMI); hypertension; and dyslipidemia [7] .
Moreover, individuals with a low physical activity level and sedentary lifestyle have shown an increased risk of all-cause mortality including CVD compared with active individuals [8, 9] . It has been reported that sedentary lifestyle contributes approximately 6% of the CVD burden worldwide. A metaanalysis of 33 studies showed that the risk of coronary heart disease in individuals with moderate-intensity of physical activity (approx 150 min/week) was 14% lower than sedentary subjects [10] .
Asian migrants in Western countries have shown a higher prevalence of chronic diseases such as coronary heart disease, hypertension, obesity and diabetes compared to their origin-country counterparts [11] .
Hypertensive
Korean-Americans showed greater consumption of fast-food compared to their counterparts in Korea [12] . Westernised diet has a strong association with high prevalence of lifestyle-related disease [11, 13] .
Food choice and physical activity patterns can be altered through migration. Japanese-American men had a lower physical activity, a higher prevalence of obesity and diabetes in comparison to their origin-country counterparts [11] . Also Korean-American women born and living in the US were three times more likely to be overweight or obese than their origin-country counterparts [14] . Song and colleagues [14] suggested that the high prevalence of obesity in Korean-American women may be associated with dietary acculturation such as more fast food and less green vegetables consumption compared to their counterparts.
Additionally these migrants, like other Asian migrants, undertook less physical activity than their origin-contry counterparts [11] .
Previous studies with community-based, culturally-tailored behavioural interventions among migrants and ethnic 
Study Design and Procedures
This nutrition and lifestyle intervention was conducted by a bilingual facilitator from the same ethnic background as participants to minimize communication and culture barriers. Individuals were asked to wear light clothing and were barefooted while anthropometrics were measured using standard protocols. BMI was calculated using the formula:
Resting blood pressure was measured using an automated digital sphygmomanometer (Omron T5, Omron Healthcare, Japan 
Clinical Assessment of Cardio-Metabolic Risk Factors
The 10-year risk of heart attack was estimated at both baseline and post-intervention using the method of the 
Statistical Analyses
The sample size for the current study (a minimum of 25) was determined by a statistical power analysis, two tailed ttest at the 0.05 significance level for the power of 90% of expected differences in one of the major measured variables of the study i.e., cholesterol based on the study by Kim and
Kim [25] .
Differences between baseline and post-intervention in the obtained parameters were assessed using the paired t-test.
Statistical analyses of changes in anthropometric measurements, blood-pressure, and food intakes at different time points were analysed using SPSS package (version 19, SPSS Inc., Chicago, IL, 2010). A one-way ANOVA and multiple comparisons were performed using a Tukey HSD post-hoc analysis. All data were expressed as mean (± standard deviation) unless otherwise indicated.
Probability values of less than 0.05 were considered statistically different.
Results
The general characteristics of participants prior to the intervention are shown in Table 1 .
After the 8-week nutrition and lifestyle intervention, both waist circumference and hip circumference fell significantly (1.4 cm and 0.8 cm respectively, Table 2 Food intake analysis showed a significant increase in calcium intake over the intervention period (Table 3 ). There were no significant changes observed in total daily energy intake and energy contribution from carbohydrate, protein and fat. The Fibre (g) 20 (9) 22 (9) 22 (11) † % of total energy intake; * Significant difference from baseline (P < 0.005); One-way ANOVA and a Tukey HSD post-hoc analysis for food nutrients consumptions; Values are expressed as mean (SD). (1.7) at baseline to 4 (1.2) after week 4 (P < 0.001) and remained steady until week 8.
Discussion
One of the main findings of this study was the significant decline in waist circumference after the 8-week nutrition and lifestyle intervention although no significant changes in BMI or body weight were observed. These results were consistent with the study by Colkesen et al. [26] in that a 2 cm reduction in waist circumference was observed with no change in BMI over a 7-month period.
The decline in waist circumference found in the present study has a significant implication for management and prevention of CVD and other lifestyle-related diseases [3, 27] . Waist circumference is a useful and convenient measure of central obesity, and it has been reported to have a strong association with the total body fat (%). Central obesity is considered as one of the primary risk factors for CVD, particularly in Asian populations [28] . Previous studies have found that high body fat in Asian population is strongly associated with CVD risk [27] [28] [29] . A higher proportion of body fat has been reported among Asians although their BMI is usually lower than Caucasians [27, 28] .
The cause for the significant reduction in waist circumference independent of body weight may be related to differential response of adipose tissues to lipolysis consequent to changes in dietary intake and/or physical activity [30] . Improved dietary intake, in particular increased calcium consumption, may also contribute to the reduction in waist circumference. Intake of high calcium dairy products was closely associated with reduction in waist circumference [31] . A calcium-rich diet without energy restriction for 24 suggested that a high-calcium diet decreases calcitriol level and that in turn inhibits intracellular Ca 2+ level, stimulating lipolysis and inhibiting lipogenesis, and leading to loss of body fat [31, 32] . The reduction of waist circumference in the current study is probably associated with increased calcium intake from dairy products. At baseline the daily average calcium intake was 507 mg and it was increased to 691 mg in week 4 and then 633 mg in week 8. The waist circumference is reflective of abdominal fat. Large waist circumference is strongly associated with increased chance of developing cardio-metabolic disorders particularly in Asian populations [28] .
Our study also showed significant improvement in blood lipid profiles parallel to the improvements in waist circumference.
After 8-week intervention, total cholesterol and LDL were reduced to the desirable range. This was in agreement with a 24-week lifestyle intervention study on Pakistani female migrants in Australia [15] . Although not statistically significant there was a slight reduction in triglyceride after the 24-week intervention. Previous study showed that triglyceride in Pakistani female migrants remained steady after 12-week lifestyle intervention but reduced significantly after 24-week [15] . This suggests that a longer lifestyle intervention period might be required for significant improvement of triglyceride level.
HDL is inversely correlated with atherosclerotic conditions including myocardial infarction and stroke [33] . HDL can A waist circumference indicative of central obesity is linked with a chronic inflammatory state [36] . C-reactive protein (CRP) has been commonly used in recent years as a biomarker for inflammation [33] . A study on CVD risk factors among healthy, middle-aged women observed that waist circumference had a strong association with CRP [36] .
Women, who subsequently developed cardiovascular The dietary pattern in the present study was similar to that of Koreans in America in that a lower carbohydrate and sodium intakes but higher fat intakes were observed compared to their counterparts living in Korea [39] . The lower daily sodium intake in Korean migrants was suggested to be correlated with dietary habit changes after immigration as they tended to consume less frequently traditional Korean foods [40] . Reduced sodium intake has potential health benefits. It is well known that sodium intake is strongly linked to blood pressure regulation with decreased sodium intake being strongly associated with reduction in systolic blood pressure [41] . Clinical trials have demonstrated that reduced salt intake lowers blood pressure in participants at risk of metabolic syndrome [42] .
The most significant dietary improvement after 8-week nutrition and lifestyle intervention was the consumption of dairy foods (mostly low fat milk and yoghurt) and that resulted in the remarkable increase in calcium intake.
Increased calcium intake improves the bone health particularly in women [20] . There were also slight increases in the consumption of monounsaturated fatty acids and polyunsaturated fatty acids, and dietary fibres which was consistent with a previous community-based nutrition study [43] . Polyunsaturated fatty acids (PUFA) are associated with lower incidence of CVD and several other lifestylerelated diseases [44] . High PUFA such as omega-3 fatty acids consumption was found to be associated inversely with LDL and positively with HDL cholesterol [45] that may contribute to the improvement in both LDL and HDL in the present study.
Conclusion
Freely However there were limitations in this study such as relatively small subject number and lack of gender balance.
